I N ALBINO RATS we have used the temperature response to forced exercise as a method for studying the effectiveness of their temperature-regulating mechanisms. This type of experiment, when combined with studies of exposures to heat and cold, is informative in revealing any deficit in animals with hypothalamic lesions ( I). In the course of our study on rats with lesions in the ventromedial nuclei (I), we became interested in the effects of lesions in other parts of the hypothalamus. This report includes the results of these other studies. The lesions were studied histologically.
By combining into groups the data where results were similar, we discovered that lesions in certain parts of the hypothalamus tend to cause certain types of changes in the normal pattern of temperature response to exercise, Repro&&q the results in groups of rats. Groups of rats were studieh and lesions were placed in areas where, according to the preliminary mapping experiments, injury tends to cause a change in temperature response to exercise. These rats were also subjected to forced exercise as described above. Continuous measurements of skin and colonic temperatures. In control rats, with the beginning of exercise the colonic temperature rose sharply and usually reached the plateau in 5-20 minutes. It remained at that level until the end of the exercise, when it gradually fell and usually reached the basal level in 30-45 minutes. The skin temperature of the control rats always fell a little at the beginning of the exercise; it then rose sharply and plateaued at about the same time the colonic temperature plateaued. Skin temperature did not drop immediately after the termination of the exercise; rather, it seemed that the skin temperature started to fall rather rapidly only after the colonic temperature had dropped to reach a certain level. Skin temperature attained the basal level within 40-60 minutes after the conclusion of the exercise. and the anterior commisure was studied. Statistical treatment of the data indicated significant differences between the pre-and postoperative responses to exercise. Postoperative T-in, T-out, T-30 and T-60 were all significantly higher ( fig. I ). A group of rats with lesions in the lateral hypothalamus at the level of ventromedial nucleus rostrocaudally and 2 mm above the base of the skull was studied. Statistical treatment of the data indicated significant difference between the pre-and postoperative responses to exercise, When the skin and colonic temperatures of rats with preoptic lesions were measured continuously, a distinctly different picture was noticed. During exercise, their skin and colonic temperatures followed the control pattern except that the plateau level of the colonic temperature was higher than that of control animals. At the end, of exercise when rats were taken out of the treadmill, skin temperature of rats with preoptic lesions dropped very sharply and their colonic temperature remained at an elevated level for more than 60 minutes. Figure 3 shows a comparison of the typical curves obtained from one control rat and one rat with preoptic lesions. ously, there was no observable abnormality except that the plateau level of the colonic temperature of rats with these lesions was higher than that of controls.
Heat or cold exposure. When rats were exposed to g3'F, at the end of 45 minutes of exposure the colonic temperature of rats with preoptic lesions was significantly higher than that of control rats. The colonic temperature of rats with lateral hypothalamic lesions, although higher than control, was not significantly higher (Y > 0.05). When rats were exposed to 4z" for 2 hours, no significant change in temperature was observed (table 2) . Two of the rats with preoptic lesions were exposed to heat in activity-restricted caqes in order to obtain the continuous picture of the deei body temperature during such exposure. Two control rats were treated in the same manner.
The colonic temperature of control rats went up and in 5-10 minutes reached a level of 105~--106'F; it then remained at this level until the end of 45 minutes of exposure. The colonic temperature of rats with preoptic lesions also went up and reached a level of I 05"-I 06 O in 5-1 o minutes. It started to plateau and remained at that level for several minutes, but it then rose again sharply so that at the end of the 45 minutes of exposure the colonic temperatures of the two rats had reached logo and I r o°F, respectively. Figure 4 shows the data from rat 5gH38 which had lesions in the preoptic area. The sites of the lesions are shown in figure 5. , .* , .+ C P DISCUSSION Evaluation of treadmill-running experiment. We have suggested in a previous paper that the colonic temperatures of T-30 and T-60 reflect the functioning of heat loss mechanisms in response to an internal heat stress, viz. the higher body temperature due to exercise. The body temperature of T-out, on the other hand, indicates the relative balance of heat production and heat loss during the exercise. Thus, in control rats the plateauing of the deep body temperature during the exercise indicates that heat production equals heat loss in this period. Nielsen's experiments on human subjects, showing similar results, were interpreted to mean that man regulates his body temperature at a higher level during exercise (2) . Our data likewise indicate that rats during exercise regulate their body temperature at a higher level. Since in control rats the temperature response to forced running remained the same over the period of many months when rats varied from 3 to IO months of age, the data show that rats can regulate their body temperature effectively under these conditions at these ages. This agrees with the report of Hill, who concluded that tem-PAUL W. HAN AND JOHN R. BROBECK perature-regulating mechanisms function perfectly in rats between the age of 2 and I o months (3) .
Because this temperature response to forced exercise is almost uniform in intact animals, study of this response furnishes information about temperature-regulating mechanisms.
Temperature regulation in rats with preoptk lesiuns. The higher T-30 and T-60 indicate that there is some impairment of heat loss mechanisms after exercise. (Since the rats were practically inactive after the 45-minute running, there is no reason to suspect that an elevated heat production caused this higher T-30 and T-60.) The higher T-in and T-out could also be tokens of some inadequacy of these heat loss mechanisms. 3) ; but the level of regulation was apparently higher than normal. The increase of skin temperature during exercise indicates that extra heat was being lost through peripheral vasodilatation.
Lacking partitional calorimetry studies, however, we have no way of deciding whether heat loss through vaporization was taking place adequately or not. Nevertheless, it is clear that the heat loss mechanisms of rats with preoptic lesions could be activated and could function adequately so that a certain, constant level of body temperature was maintained, The sudden drop of skin temperature at the end of the exercise indicates that at that point there was an impairment of peripheral vasodilatation. This impairment seems to be one of the causes (if not the only cause) of the higher T-30 and T-60.
When rats are exposed to a hot environment, their only avenue of increasing heat loss is through vaporization. The higher temperatures observed at the end of heat exposure, therefore, indicate that they must have had also an impairment of these mechanisms of heat loss. Our continuous recording of the colonic temperature of rat 5gH"8 (with preoptic lesions) during heat exposure showed that this rat had such an impairment.
In addition, the record reveals another interesting possibility. The plateau of the colonic temperature at the end of 18 minutes of exposure suggests that some part of this heat loss mechanism was still retained, yet it was not efficient enough to keep body temperature low for the whole period of exposure. After some 30 minutes of exposure, this retained part of the heat loss mechanism seemed' completely to have lost its ability to dispose of the rising heat content of the body in this hot environment.
Eventually the high internal temperature caused the death of the animal. Temperature regulation in rats with lateral hypothalamic lesions. When rats with lateral hypothalamic lesions were studied, they showed no significant difference from controls during heat or cold exposure. This was true even though on heat exposure several of the rats with lateral lesions responded with a rather higher temperature. But when the data of the whole group of rats were pooled together, there was no difference which is statistically significant.
In studies on cold exposure, none of our rats with lateral lesions responded with a lower body temperature.
Clark and co-workers, using cats, found that lateral lesions caused disturbance of regulation against both heat and cold (5). Their lesions were more rostra1 and possibly larger than ours; perhaps this explains these different results. The rats with lateral lesions could adequately dissipate extra heat after exercise since they showed a steeper slope than normal between T-out and T-30 ( fig. 2) in spite of the elevation of T-30. Skin temperature also failed to show any sign of impairment of peripheral vasodilatation.
For a time we considered the possibility that the elevated T-out of these rats was related in some way to their water intake. Rats with lateral hypothalamic lesions developed adipsia followed by hypodipsia after the operation (6); but the delta T-out did not seem to be in any way correlated with their adipsic behavior, Since this group of rats did not overeat (they actually ate less), their higher T-out could not 'be associated with their feeding behavior as it was in the rats of the ventromedial group. The cause of this higher T-out, therefore, remains unanswered, requiring further study.
